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by
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This dissertation explores dynamics related to the formation of human capital. In the two
chapters contained within, my work investigates how human capital is formed and maintained through either individual decisions or historic events. In particular, the first chapter
analyzes the long-term health effects of a large-scale bombing campaign on the population
of a developing country up to two generations after the event occurred; the second chapter
analyzes how attending a public honors college in the U.S. affects the degree completion
of students and their college quality choice. In these two different contexts, I approach the
common topic of human capital from the perspectives of different subfields within economics:
that of health and development economics in the first chapter, and that of the economics of
education in the second chapter.
A well-established body of literature assesses the health effects of in utero and early life
exposure to harmful events such as violence, pollution, or famine. Such large-scale negative
shocks have also been shown to affect long-run economic growth through the emergence
of poverty traps that result from a rapid decline in human capital. Although there are
several channels through which adverse situations might have effects that persist over time,
the vast majority of existing work estimates the effects of exposure to such events on the
first generation born after the shock. Effects on those not directly affected by the shock are
often difficult to identify empirically, however, so far less work has been done on whether such
shocks can persists across generations. The first chapter in this dissertation begins to address
this gap in the literature. In particular, I ask whether the exposure of women born during
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the 1970 to 1974 U.S. Bombing campaign in Cambodia had effects on the health of their
children —a generation born between 1995 and 2005. I combine a dataset containing the
timing and GPS location of the bombing campaign with the household location of Cambodian
women in the Demographic and Health Survey. I then create a measure of exposure of these
women during their in utero period and in early life. Using this measure and the fact that
the DHS sample captures women who were born at different times in the same location,
I exploit within-location birth cohort variation to identify the effect of mothers’ exposure
to the bombing campaign on the health of their children — who were born more than two
decades after the bombing. The results provide robust empirical evidence that a harmful
shock that affects health capital can persist across generations. By showing the lasting legacy
of the bombing campaign, these findings shed new light on current-day concerns regarding
the persistent low levels of health among women and children in Cambodia. Given the wellestablished relationship between health and future educational attainment and labor market
outcomes, these legacy effects are likely to continue to affect measures of human capital and
economic development into the future.
My second dissertation chapter, “An Honor and a Privilege: Effects of an Honors College on Completion and College Quality” explores human capital from a different angle:
investment in education. College quality and one’s performance in tertiary education is a
major determinant of labor market success, and in many countries applicants and their parents face various financial options when considering college options. Some populations are
more financially sensitive to these trade offs than others, and the availability of merit aid
or scholarships frequently factor heavily into enrollment and college choice decisions. As of
2018, there are more than 700 honors college programs at 4-year institutions in the U.S.,
and these programs aim to attract high-caliber students by offering full scholarships together
with smaller honors classes and seminars, special advising, and encouraging of research and
studying abroad among other benefits. These characteristics make honors colleges a compet-

vi
itive alternative to more expensive schools, although a common concern is that such financial
incentives can cause students to delay degree completion and forgo college quality. This is
of particular concern for those who come from lower socioeconomic backgrounds who, from
a social mobility standpoint, have the most to gain from attending a high-quality school but
are also most likely to be sensitive to financial considerations in weighing college options.
In this chapter I exploit administrative cutoffs applied to applicants’ SAT scores in offering them admission to the honors college to estimate the causal effect of admission to and
attendance in an honors college on students’ degree completion and college quality. This
approach implements a regression discontinuity design, which relies on the assumption that
individuals around an eligibility threshold are similar in their observable and unobservable
characteristics except for their acceptance into the program; that is, the essential comparison is based on the idea that individuals just under the admission threshold are a viable
comparison group to individuals just over the threshold. I use administrative data of applicants provided by the partnering institution, combined with National Student Clearing
House data and Integrated Postsecondary Education Data System on school characteristics.
The results show that the marginal applicant who enrolls in the public honors college studied does not experience differences in graduation time compared to the applicant just below
the threshold. This suggests that the benefits of the scholarship do not generate perverse
incentives for students to delay their degree completion compared to marginal non-admits. I
also find that enrollment in the honors college induces gains in college quality at a relatively
low cost. These results contrast with previous findings where merit-based aid induces delay
in graduation and students forgo college quality by enrolling in the institution that offers
the scholarship, and provide evidence that an honors college at a public institution can be
a competitive alternative to more expensive selective private schools. In other words, the
opportunity cost that the high-caliber applicants face when making the human capital investment of attending college is lower for the honors college alternative compared to private
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selective institutions.
Taken together, these two chapters provide novel empirical evidence on two topics in
the economics of health and human capital. I exploit rich datasets and implement different
econometric strategies to investigate these questions, and beyond a purely academic contribution, the findings can inform policymakers concerned with the determinants of health and
human capital in these different contexts.
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Chapter 1
The Intergenerational Health Effects
of the U.S. Bombing Campaign in
Cambodia
An increasing body of literature on the fetal origins hypothesis and the impact of early life
conditions on later outcomes has established that shocks experienced during these life stages
have long-term effects (Almond et al., 2017). These shocks can be particularly extreme in the
case of violent conflict or war because of destruction of physical and human capital, presence
of political instability, and damage to institutions – all of which may lead to deleterious
long-term effects on individual outcomes and economic growth (Akresh et al., 2012; Miguel
and Roland, 2011; Akbulut-Yuksel, 2014; Dell and Querubin, 2016; Islam et al., 2016).
During its military involvement in Vietnam, the United States carried out one of the
largest aerial bombing campaigns in history, repeatedly attacking Cambodia in the period
between 1965 and 1973. In this paper, I investigate the intergenerational effects of this
campaign on the health of children born more than 20 years after it ended to mothers who
were themselves in utero or in early life during the bombing campaign. Using the Cambodia
1
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Demographic and Health Surveys (DHSs) and a database containing detailed records of the
U.S. bombing campaign in Cambodia, I exploit within-location cohort variation in the timing
and intensity of bombing to define mothers’ in utero and early life exposure and identify its
effect on anthropometric measures of health and well-being in their children. Children born
to mothers who were in utero or in their early life during the bombing are substantially less
healthy than peers born to similar mothers in the same area who did not experience the
bombing in utero or in early life.
An extensive literature investigates the negative effects of violent conflict on human capital. One of the mechanisms arises on the supply side, with affected communities experiencing
reductions in the amount and quality of resources during conflict (Duque, 2016). Other studies investigate the effects of direct early-life exposure to violence on health, education, and
labor outcomes. Akbulut-Yuksel (2014) shows evidence of human capital deterioration in
Germany following World War II, where health outcomes of the cohorts exposed to the war
were worsened by malnutrition and destruction of health facilities, while the destruction of
schools and teacher absence undermined educational attainment.
The evidence for long-term effects of early-life exposure to violence is definitive. However,
only a few studies have investigated the legacy of these effects on generations conceived
decades after the conflict ended. Akresh et al. (2017) and Wang Sonne and Nillesen (2015)
study the long-term effects of maternal exposure on children’s anthropometric outcomes,
finding a negative and significant effect of mothers’ in utero exposure to the war on their
children’s height-for-age Z-score (HAZ).
The current paper contributes to the literature by providing evidence of the legacy of
early-life war exposure on future generations born after the conflict has ended. I overcome
previous limitations of inaccurate measures of exposure and find that women exposed to
bombing early in life exhibit a reduction in their adult stature. I also find that this exposure
also has adverse effects on the growth of the women’s children (measured by HAZ). These
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findings have important policy implications because they add exposure to the bombing to
the list of factors causing poor nutrition outcomes in Cambodian women and children. My
findings also provide evidence that counters previous literature reporting no impact of the
Vietnam War in the long-term economic development of Vietnam (Miguel and Roland, 2011).
The paper is organized as follows. The next section will provide background information
on the U.S. bombing of Cambodia, followed by a literature review. Section 4 describes the
data, section 5 outlines the empirical strategy followed by the results, and the final section
concludes.

1.1

The U.S. Bombing Campaign in Cambodia

Cambodia was a French colony until its independence in 1953. The country was then governed by Norodom Sihanouk until March 1970 when he was deposed in a military coup by
a pro-American general, Lon Nol. who became the president of the Khmer Republic. From
1965 to 1969 the United States’ bombing campaign targeted North Vietnamese forces in
Cambodian territory, despite Cambodia having declared itself neutral in the Vietnam War.
After the 1970 coup, U.S. military forces were allowed to operate in Cambodia - but by then
the motive was not only to disable the Viet Cong but also to fight internal opposition to Nol
in the civil war.
The U.S. bombing of Cambodia started on October 4, 1965, and the first four years of
this campaign involved only infrequent targeted strikes. On March 18, 1969,1 the U.S. Air
Force began a more intensified campaign, which lasted until August 15, 1973. According to
data from the U.S. Air Force, in excess of 400,000 tons of ordnance were dropped during
more than 140 sorties on at least 40,000 sites. To put these numbers into perspective, during
1

The launch of Operation Menu, which started the carpet bombing of Cambodia with a raid of 60 B52’s, consisted of six missions “Breakfast, Lunch, Snack, Dinner, Supper, and Dessert.” The Menu was then
followed by Operation Freedom Deal between May 1970 and August 1973.
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the entirety of World War II the Allies dropped over two million tons of bombs. Figure 1.1
shows the spatial variation in the intensity of the campaign in Cambodia from 1965 to 1973,
and Table 1.2 presents the distribution of sorties and tonnage of ordnance across the years of
the operations. The Nixon administration kept the bombing campaign secret from the U.S.
Congress, which believed that U.S. planes would remain within 30 kilometers of the Vietnam
border. The U.S. Congress eventually realized the destruction of the hidden campaign in
1973 and legislated the end of the bombing.2
No consensus exists as to the number of civilian causalities caused by the campaign;
estimates vary between 150,000 and 500,000 people, and they do not take into account the
indirect effects of the bombing (displacement, disease, and starvation).3 The U.S. bombing
and the civil conflict drastically affected the health of the Cambodian population: the life
expectancy in Cambodia dropped from 42 years in 1965 to 32 years in 1973.4 After the
bombing ended, the Khmer Rouge, a nationalist communist group lead by Pol Pot, took
power from 1975 to 1979. During this period, which is known as the Cambodian Genocide,
the country was operating under a system of agrarian socialism. An estimated 1.5 to 3 million
people died during these years. Due to this destruction of human and physical capital, the
country’s level of development fell behind for decades.
Almost two decades of peace have since dramatically changed the country. Cambodia’s
annual GDP growth rate averaged 7.6% from 1994 to 2015, and the poverty rate more than
halved from 53% in 2004 to 20% in 2011. However, nutrition remains an important issue in
Cambodia. In spite of economic growth and poverty reduction, the country has not been able
to improve nutritional outcomes of its population – especially for women and children. The
percentage of children with stunting was 49.8% in 2000 and 42.7% in 2005, placing Cambodia
2

See Kiernan and Owen (2006).
See: http://rabble.ca/toolkit/on-this-day/us-secret-bombing-cambodia. Last accessed: May 13, 2017
4
World Development indicators.
3
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63rd out of 198 countries in terms of the under-5 mortality rate.5 The percentage of children
who were underweight was 38.5% and 28.1% for the same years.6 . Policy-makers attributed
these outcomes to inadequate sanitation, health care, and food intake, areas that Cambodia
is working to improve. The findings of this paper contribute to explaining additional causes
of the health outcomes in this particular population.

1.2

Related Literature

It is well established that violent conflict affects health, education and labor market outcomes. There are three strands of the literature relevant to my study. Studies based on the
“Fetal Origins Hypothesis” of later-life disparities in the context of violent conflict show how
in utero exposure to high levels of stress or lack of resources reduce birth weight or cause
still births (Barker, 1990). Camacho (2008) uses random land-mine explosions as exogenous
stress shocks in Colombia, finding that pregnant mothers exposed during the first trimester
to a land-mine explosion in their municipality delivered babies who weighed 8.7 grams less
at birth than their siblings.
Mansour and Rees (2012) use data from Palestine Demographic and Health Survey on
children born to mothers from the West Bank and find that the mothers’ exposure to armed
conflict during pregnancy is associated with a small increase in the incidence of low birth
weight. Brown (2014) draws on data from the Mexican Family Life Survey and official
reports of intentional homicides at the month and municipality level. Controlling for selective
migration and fertility, he finds that an increase in local homicide rates where a mother resides
during early gestation is associated with a large and significant decrease in the birth weight
of her child. Other studies have shown the relevance of low birth weight for adult outcomes.
5

2013 results, taken from the State of the World’s Children 2015 Country Statistical Tables from UNICEF.
DHS calculations. Percentage of children stunted: Percentage of children under 5 that are below -2
SD of height for age according to the World Health Organization (WHO) standard. Percentage of children
underweight: below -2 SD of weight for age according to the WHO standard
6
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Black et al. (2007) found that birth weight has a significant effect on long-term outcomes
such as height, IQ at age 18, earnings, and education.
Other literature investigates how exposure to violence during early life changes later
health outcomes. Akresh et al. (2012) uses data from an Eritrean household survey to estimate the effect of exposure to the 1998–2000 Eritrea-Ethiopia war on children’s health and
finds that war-exposed children have lower HAZs, and these effects are similar for children
born before or during the war. Akbulut-Yuksel (2014) combines a data set on city-level destruction in Germany due to Allied Air Forces bombing during World War II with individual
survey data from the German Socio-Economic Panel. He uses city-by-cohort variation in
the intensity of the war destruction as the source of identification. His results suggest detrimental, long-lasting effects on Germans who were school age during World War II. These
children had 0.4 fewer years of schooling, and the children in the most affected cities attained
1.2 fewer years of schooling. In terms of health outcomes, affected children were half an inch
shorter. Finally, their future labor market earnings were reduced an average of 6% because
of exposure to wartime destruction.
Two studies have investigated the impact of the civil war and the Cambodian Genocide
on education, earnings, fertility, and sex ratios. Islam et al. (2016) provides evidence that
exposure to Cambodia’s civil war and genocide during primary school age (cohorts born
between 1950 and 1965 that were school age during the Lon Nol and Khmer Rouge regimes)
had long-term effects on educational attainment, earnings, and fertility. They exploit cohort
variation in exposure to the regimes and find that exposure decreases educational attainment
in men and women, lowers earnings of men, and increases female completed fertility. They
also explore geographic variation in the intensity of the Khmer Rouge regime7 and find no
effects on schooling, earnings, or fertility of the individuals exposed during primary school
7

The intensity is measured by estimating mortality rates based on information about mass graves from
the Cambodia Genocide Project.

CHAPTER 1. HEALTH EFFECTS OF THE U.S. BOMBING OF CAMBODIA

7

age. In Islam et al. (2017), the authors investigate the intergenerational effect of the Cambodian Genocide. Using geographic variation on the intensity of the genocide, they show
that in districts with high mortality rates during the Khmer Rouge regime, children born to
parents who were at the prime age for marriage (14-29, cohort of 1950 to 1965) have lower
educational and health outcomes. The channel leading to these results is the imbalanced sex
ratio of their parents’ generation.
Closest to the current paper, Wang Sonne and Nillesen (2015) examine the long-term
effects of mothers’ exposure to the 1989 Liberian civil war on their children’s anthropometric
outcomes. They collect data from 332 children under five years of age in 267 Liberian
households and 95 villages. These data include anthropometric measurements for all children
under five years old and information about migration and whether the mother, father, or both
were born in the village. The authors use spatial and temporal variation in parents’ exposure
to district-level violence to identify a causal impact of civil war violence on health outcomes
of the following generation. Their results show that HAZs of children whose mothers lived
in high-violence areas are significantly lower (-1.58 vs. -1.29, p=0.07) than those in the lowviolence areas. In a recent working paper, Akresh et al. (2017) analyze the long-term impacts
of the 1967-1970 Nigerian Civil War and provide evidence of intergenerational impacts,
finding that the war exposure of the mothers has adverse effects on their children’s growth,
survival, and education.
In this study, I overcome earlier limitations imposed by self-reported violence measures
and time-invariant conflict intensity by using official, comprehensive, and detailed government data on the timing and intensity of a bombing campaign. I also add to the literature
by studying the U.S. bombing campaign and a generation that the previous research on
Cambodia does not explore: the women born during the intense bombing period (1970 to
1974) and the children of this generation.
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Data
Mother’s Birthplace and Children’s Health: Cambodia DHS
2000 and 2005

The Cambodia DHSs are nationally representative cross-sectional household surveys of women
of reproductive age (15 to 49 years old). Each DHS collects data on household socioeconomic characteristics and on maternal and child health. Analysis is based on responses in
the mother and children’s questionnaires, which contain information on mothers’ place of
birth and anthropometric indicators for (up to six) children under five years of age.
Since 2000, the Cambodian DHS provides geo-referenced household cluster locations
collected at the time of survey administration. To maintain respondents’ confidentiality,
the coordinate points are randomly displaced by up to two kilometers (for clusters in urban
areas) or five kilometers (for rural clusters), with 1% of rural clusters displaced up to 10
kilometers.
The DHS data provide information on the exact birth date of the mother, which is used
to construct measures of prenatal and postnatal exposure to the bombing campaign. The
outcomes of the children are the anthropometric measures of the nutritional status of their
children. I use the measures of height, weight, and age of the children to calculate standard
Z-scores based on the World Health Organization (WHO) Multicenter Growth Reference
(World Health Organization, 2009).
Migration is a concern in evaluating the effects of exposure to violence. The DHS data
do not provide detailed information on migration or childhood location for the mothers.
However, the survey allows me to identify nonmovers based on a question that asks how long
the respondent has lived in their place of residence. I restrict all analysis to the population
born between 1970 and 1974 that responds “always” to this question. Fifty-five percent of
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mothers are thus classified as nonmovers. Table 1.1 presents summary statistics from this
sample of mothers and their children. The majority of mothers are married, and only 0.1%
has more than secondary education. The average age of these mothers is 30, and the mean
age at first birth is 21.
The children of these mothers have an average age of 30 months (2.5 years). For health
outcomes, I present standardized anthropometric measures based on the sample, along with
Z-scores from the WHO methodology (WHO, 2009) for comparison. The WHO Z-scores
provide information of the level of malnutrition that Cambodian children have in comparison
to international standards. A child is considered stunted if the WHO HAZ is less than 2, and the child is underweight if the WHO weight-for-age Z-score (WAZ) is less than -2.
The average Cambodian child is just at the threshold of being classified as stunted and/or
underweight8 according to WHO standards. Table 1.3 also presents Z-scores calculated using
the Cambodian population as a reference, and these outcomes are used in the regression
analysis.

1.3.2

Cambodian Bombing Campaign Data

The Theater History of Operations Reports Database of the Air Force Research Institute
(THOR from hereon) provides airpower records from three Vietnam-era Joint Chief of
Staff databases: Combat Air Activities File (CACTA) 1965-1970, Southeast Asia Database
(SEADAB) 1970-1975, and Strategic Air Command Activities Database (SACCOACT) 19651975.. The data represent more than 4.3 million airpower records, and the databases contain
records from the U.S. Air Force, Navy, Marine Corps, and allies during this time period. I
follow the procedure described by High et al. (2013) to create a comprehensive data set for
the bombing of Cambodia. I combine CACTA and SEADAB to provide the records of the
sorties from 1970 to 1975. These two data sets have different issues regarding the measure8

This calculation is for children under 5 years old.
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ment of tonnage of ordnance dropped. For CACTA, load quantity is calculated by adding
delivered quantity (dropped on targets), jettisoned quantity (dropped for other reasons),
and returned quantity (returned to base on aircraft). The load quantity variable is then
multiplied by the weight of the weapon type and the number of aircraft sent in each sortie,
which provides the load weight variable that I use for the exposure measure. SEADAB data
were simpler, with a load weight variable representing the total weight of ordnance in all the
aircraft per record.9

1011

The bombing database is comprised of sortie-level records containing the exact location
of the target (latitude and longitude), the date and time of the sortie, ordnance type and
bombing load weight,12 the number and type of aircraft in the sortie, and the nature of the
intended target. Individual sortie payloads ranged in size from a few to several thousand
tons. The data set details the aircraft types deployed, including B-52s, and the different
types of munitions dropped, including 500-lb “carpet bombs,” cluster bombs, incendiary
bombs, and 1000-lb bombs.
9
The only issue is that this variable was multiplied by 10 in the official records; therefore, I divided it by
10 to obtain the load weight variable needed for my estimations.
10
For this project I initially contacted the Cambodian Genocide Program, Yale University (CGP), which
provided me with their bombing database. However, I have to thank Ben Kiernan, director of the program,
for his useful comments on the article and pointing out the data issues related with the CGP. I then used
THOR data that essentially correspond to the CGP, but the issues mentioned by High et al. (2013) are easier
to identify and correct with a high degree of accuracy as described in the text. Also, many magazines and
previous studies have used or refer to the CGP data without correcting the data issues, providing highly
inaccurate information regarding the magnitude of the bombing. For more information about the data issues
related to CGP see(Kiernan and Owen, 2010, 2015)
11
High et al. (2013) have a very comprehensive database analysis of all the problems they encounter with
the data and the tests performed to achieve the most accurate numbers from the electronic records of the
air war over Southeast Asia during the Vietnam War.
12
THOR website states that there are some gaps in the record, namely November 1967 is missing because
of water-damaged data files. Isolated gaps also occur throughout the record, totaling approximately three
weeks during the whole Vietnam War. Accounting for this issue does not change the results, and tables are
available upon request.
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Constructing the Bombing Intensity Measure by Mother

My study is the first study that exploits the accuracy of the GPS location of the bombing
and the household in a within location-cohort identification strategy for the bombing of
Cambodia. With the location and the date of birth of non-migrating mothers I create a
measure of the intensity of the bombing that affected the mother at different periods relative
to her birth. I add the weight of the bombing load dropped within a ten-kilometer radius
around the location of the mother’s place of residence.13 For example: The In utero bomb
intensity measure of exposure for a mother that was born September 1st, 1970, equals the
log of the total tons of ordnance dropped from January 1st, 1970 to September 1st, 1970 in
a 10 kilometer radius of her household location.
I construct different measures of the exposure to the bombing for each period from
conception to early life: in utero (the prenatal period of nine months), 0-1 years, 1-2 years,
2-3 years, and 3-4 years. This measure provides the source of variation for my analysis
because I have within-location cohort differences in exposure to the bombing.
Table 1.2 contains the summary statistics of the intensity of the bombing experienced by
the mothers in a given time span relative to their birth date. While in utero, the average
mother was exposed to 187 tons of ordinance dropped in a 10-kilometer radius of her place
of residence. One of the most common bombs used in this campaign was the 500-lb bomb,
which actually weights 531 lb, this means that the average mother was exposed to 704 500lb bombs in utero. The average bomb exposure for mothers at other stages of early life is
approximately the same magnitude.
Figure 1.3 illustrates the within-location cohort variation in in utero exposure to bombing
in two specific household survey cluster locations in the DHS. The horizontal bars represent
13

As mentioned, there is some displacement in the location of households, however this shouldn’t be a
concern for my results because the rural households that might be displaced ten kilometers are likely located
in very underpopulated areas, that were not affected by the bombing.
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the nine months that mothers were in utero.14 The curve represents the exposure to the
bombing measure in tons of ordinance in a 10-kilometer radius for the indicated month. The
shape of the curve over the nine months is represented by the horizontal bar and shows the
variation in exposure that mothers from the same location experienced due to the timing of
their birth. Previous literature of conflict exposure and health impacts (Akresh et al., 2016)
shows how the impacts using GPS location information are two to three times larger than
when the exposure is measured at the imprecise regional level.

1.4
1.4.1

Empirical Strategy and Results
Model Specification

I use within-location cohort variation in the mothers’ level of exposure to the bombing as described in the previous section to estimate the impact of the bombing on the anthropometric
outcomes of their children. The empirical specification that incorporates the within-location
cohort variation is
Outcomeijt = β1 Exposure in uteroijt + β2 Exposure 0 to 1 yearijt +
β3 Exposure 1 to 2 yearijt + β4 Exposure 2 to 3yearijt + β4 Exposure 3 to 4yearijt +
γ birth orderijt + λ survey yearijt + αj + δt + ijt

(1)

where Outcomeijt refers to the outcome of the children, in particular the health measures
weight-for-age (WAZ) and height for age (HAZ) of child i in the location j whose mother
was born in year t. In this equation the treatment variable incorporates geographic and
time variation in the mother’s exposure to the bombing. Exposure inuteroijt refers to the
mother’s in utero exposure, Exposure 0 to 1yearijt represents exposure during the first year
of the mother’s life, the other three measures refer to the next life periods of her exposure.
14

Because of data limitations, I assume that the gestation period for all mothers is nine months.
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Dummies for birth order and survey year are also added. αj represents the location fixed
effects and δt is the mother’s birth year fixed effects. No other household or maternal
characteristics are added because the addition of certain variables as controls can bias the
results (Angrist and Pischke, 2008) and act as “bad controls.” For example, age at first birth
or number of children can be affected by war exposure, and these variables in the regression
could induce selection bias.

1.4.2

Results

The results of the estimation of equation (1) suggest that the bombing deteriorated the
health capital of the mothers to the extent that if they experience exposure in utero or in
their first three years of age (both crucial developmental stages), the health capital of their
children is also affected. I use two measures of exposure to the bombing for each in utero
and early-life stage. A measure incorporates the intensity of the bombing based on the
tonnage dropped within 10 kilometers of the mother’s place of residence, and I use a quartic
root transformation.

15

The other measure is a dummy variable taking the value of 1 for

the respective period if the mother experienced any exposure or zero if no exposure. This
variable provides a measure of the effect of mean exposure.
The regression is estimated using the sample of children whose mothers were born between
1970 and 1974. These mothers were born during the intense bombing as shown in Table 1.2;
the 1974 cohort is included because although the bombing was over, they experienced intense
in utero exposure during 1973. All models have birth order of the child, mother’s year of
birth, and location fixed effects. Each pair of columns in Table 1.4 is based on a different
grouping for the location fixed effects of the households based on the geo-referenced data
provided by DHS. For columns 1 and 2, location fixed effects are based on the commune-level
15

The quartic root transformation behaves similarly to the logarithmic transformation for positive values,
and it is used to avoid dropping observations from mothers have that zero exposure to the bombing, while
also reducing the influence of outliers in the data. See (Brown and Velásquez, 2017)
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administrative division because some of the DHS household locations can be in the same
commune, and this aggregation can incorporate similarities, if any, among the original DHS
locations. Columns 3 and 4 use location fixed effects based on the original locations from the
two rounds of the DHS; for purposes of inference, this approach is the most conservative.16
I find negative effects of mothers’ exposure in utero and in the first three years of their
lives on their children’s weight-for-age (WAZ) and height for age (HAZ). Table 1.4 shows
the results for these two outcomes in each of the location groupings described above. These
results have the expected sign, although they are less precisely estimated. The height-forage measure is noisy for children under 24 months because the child lying down for the
measurement. I then restrict the sample to children older than 24 months. Table 1.5 shows
these results, where mothers’ exposure in utero and in the first three years of life (0 to 3
years) have a negative and significant effect on the anthropometric measure of HAZ. These
results suggest that if a mother had the average in utero exposure of 187 tons of bombs,
the HAZ of her child will be 0.41 standard deviations lower.17 Height-for-age is a more
structural measure of the health status and nutrition of children, whereas weight for age
reflects the current nutritional status of a child. Finding significant results on the HAZ
outcome highlights the chronic effects of the bombing on the health capital of Cambodian
children. These results, together with the negative effects found on the height Z-scores
of the mother (next section), suggest that the U.S. bombing campaign contributed to the
perpetuation of stunting across generations in Cambodia.
Table 1.6 simplifies the exposure measure by using a dummy variable for when the mother
experiences any bombing in the relevant period. The results support the findings in Table
1.5: children between two and five years of age whose mothers experienced any bombing
while in utero present lower WAZ and HAZ. If the mother experienced any bombing during
16

All the tables omit the coefficient for 3-4 years; these results have the expected sign but are not precisely
estimated.
17
This is calculated as β1 ∗ (In utero average exposure(1/4) = −0.112 ∗ (187(1/4) )
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her first year of life, the children’s WAZ is reduced by 0.36 standard deviations. As before,
if we restrict the sample to children older than 24 months to account for the noise in the
measure of height, any exposure of the mother while in utero causes a reduction of 0.53
standard deviations in their children’s HAZ. This result is similar in magnitude to the one
found for the average exposure of the mother..

Mechanisms
Prenatal and early life events are well-established as being able to cause long-term consequences in health capital, earnings, and education. When these events are associated with
war or any type of violent conflict, there are multiple channels or mechanisms through which
they can affect the exposed generation and their descendants. This paper explores the transmission of these consequences to children born to mothers that were directly exposed to the
bombing. These women may have carried the consequences into their adult life in many
of their health and human capital outcomes. In the case of Cambodia, disentangling the
effects of the bombing on the adult outcomes of mothers is particularly challenging since
information about their early lives is not available. However, with the data from the DHS
and the use of the same within-location cohort variation strategy, I find that the exposure to
the bombing has effects that reduce the adult HAZs of the mothers. This result allows me
to argue that one of the intergenerational effects of the bombing is perpetuation of stunting.
Table 1.7 shows that in utero exposure reduces the adult HAZs by 0.24 standard deviations.
The first two columns in this table use location fixed effects at the commune level, and the
next two use location fixed effects based on the original DHS household locations. Columns
(1) and (3) show the effects using the intensity of the bombing as quartic root(tonnage of
ordinance dropped) as a measure of the exposure, and columns (2) and (4) present results for
which the exposure is measured as a dummy variable for any bombing during each specific
period in the mothers’ prenatal and early life.
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Extensive research in the medical and epidemiological literature provides evidence on
the possible mechanism driving these results. Humans with low birth weight or infants
that present poor growth have small organs because of a reduced cell size and/or number.
This outcome can both be consistent with a nongenetic mechanism (epigenetics) that results
in physiological consequences, for example, poor uterine and ovarian size. The adverse
intrauterine environment then affects the mother’s offspring and the physiological changes
persist into the next generation (Hackman et al., 1983; Emanuel, 1997; Lee, 2014). In the
particular case of Cambodia, the exposure to bombing could have stressed the grandmothers
(prenatal stress) or affected the mothers in their early life, deteriorating their growth in utero
or during infancy to the point that they could not reach their genetic growth potential. This
stunting could in turn adversely affects the growth of their offspring.

Civil Conflict Confounding Factors
The purpose of the bombing was to eliminate North Vietnamese and Communist Party of
Kampuchea (CPK - Lon Nol’s opposition) forces. If the presence of these groups in the
villages negatively influenced the well-being of the population, it will induce a confounding
negative bias in the results. Unfortunately, no specific data are available on the presence of
these forces in the villages. However, enough evidence exists in historical accounts to show
that this was not the case. The U.S. bombing was done in a partially indiscriminate manner,
and the communist forces were not harming the population in the villages at the time. The
following quotations summarize evidence that supports the claim.
In 1970 US Intelligence: “The report went on to quote a ‘recent’ Lon Nol regime intelligence
assessment, to the effect that “the population has been largely taken in hand by the enemy and could
become in a relatively short time a trump for him.” The communists had won this popular
support not only because they are well-behaved and respectful of the needs and cares
of the population, but also because aerial bombardments against the villagers have caused civilian
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loss on a large scale. Unsurprisingly, the peasant survivors of the bombing were turning to the CPK
for support.”(emphasis added) (Kiernan, 1989)
In the book Sideshow: Kissinger, Nixon, and the Destruction of Cambodia, the author William
Shawcross reports the story of a young Air Force captain who flew 25 B-52 missions over Cambodia in 1973 and was court-martialed for refusing to fly after learning that a Cambodian wedding party had been “boxed” by B-52s. “It forced him, he said, to realize that the Cambodians
were human beings and to recognize that non-military targets were being hit.”(emphasis
added)(Shawcross, 1979)
The evidence suggests that the CPK presence was primarily focused on political indoctrination
during the period of study. If anything, the atrocities were used as political propaganda, making
it easy for the Khmer Rouge to win people over.

1.4.3

Threats to Identification and Robustness

The effect of exposure can be biased downward if considerable migration was undertaken to avoid
the bombing. This downward bias will be present if the families that stayed are the most vulnerable
ones (poor health, low skills or income), which induces a selection bias in the results. The DHS
contains no detailed data on migration in Cambodia, and even less information is available about
migration in the 1970s. However, the statistics on migration from the 1998 and 2008 Cambodian
Census allow me to largely rule out endogenous migration as a threat to identification in this case.
Table 1.8 includes the population born before 1974 from the 1998 and 2008 Cambodian census and
identifies the population that appears to have moved during the war between 1965 and 1974. This
population represents a very small percentage of the migrants in the census, with only 1.05% of the
population having migrated during that period. To put this number in perspective, the percentage
of people that migrated after the Khmer Rouge in 1979 or 1980 is around 13%, suggesting that
endogenous migration should not be a concern in this case. Table 1.9 provides more evidence that
endogenous migration is not a threat to identification. Among migration causes for the population
of interest that migrated during the period of the bombing, only around 9% gave violence or
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insecurity or natural disaster or insecurity as their reasons for migration, showing that migration
preventing exposure to bombing is not the main reason for the migration of this population.
Endogenous fertility is also a concern, if mothers exposed to the bombing make fertility decisions
that affect the results. In this case endogenous fertility could happen in two ways. Women may
opt to have more children to compensate for the lost population. By increasing quantity, they
sacrifice quality of care of their children, which affects their children’s health and thus biases the
results downwards. The other possibility is that women acted to defer fertility, in which case the
results will be biased upward. Table 1.10 provides results suggesting that the endogenous fertility
concern can be ruled out. Column 1 shows that women exposed to bombing have fewer children
(the result is only precisely estimated for the exposure at 1-2 years); if endogenous fertility is the
case, these women will defer fertility by terminating pregnancies and/or using contraceptives, for
example. Columns 2 and 3 show that that is not the case; estimating an equation where the
outcome variable is a dummy of 1 if the woman has terminated a pregnancy or a dummy of 1 if the
woman has used or has the intention to use contraception, results in both case are not significant
and in most cases close to almost zero in magnitude.18 .
One concern is that location and timing of the bombing are related to other unobserved trends
that could be driving the results. To address this possibility, I perform a placebo test focusing on
birth cohorts from 1975 to 1979 and assign bombing intensity from the more intense period that
came five years earlier. Table 1.11 shows that no relationship exists between the anthropometric
measures of the children born to mothers before the bombing and the intensity of the bombing
five years later, and there are no significant results suggesting that unobserved trends in the same
locations could be driving the main results.
Islam et al. (2016) investigate the impact of the civil conflict and the genocide on the 1950 to
1965 cohorts born before the bombing. Their results suggest that the human capital deterioration
is via the destruction of educational infrastructure during that period, not via channels that affect
18

The results could potentially be driven by a very low fraction of women having terminated pregnancies
or using contraception, but that is not the case. For terminated pregnancies, 17% of the women in my sample
answered yes to the related question in DHS survey. For intention or use of contraception, the fraction is
62%
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health capital. I confirm their results by estimating the specification in equation (2), using the
sample in these cohorts. Table 1.12 shows no significant results for the health outcomes of the
children of these women, which supports that the channel was not health for these cohorts. These
results also add robustness to my findings in the following way. Since the cohorts in my study
experienced effects only due to exposure in the crucial physical developmental stages (in utero and
first three years of life), health appears to be the channel affecting the cohorts of my study. In
contrast, the older cohorts that experienced bombing later in life are affected through the schooling
channel.

1.5

Conclusions

This paper contributes to the literature that empirically investigates the long-term effects of prenatal and early life events caused by violent conflict. In particular, it adds to the knowledge on
the intergenerational effects of war. I quantify the effects on health capital among children (second
generation) born to mothers (first generation) who were in utero and/or in early life during the
1970-1974 U.S. bombing campaign in Cambodia, using data from the Cambodian DHS matched
with the records of the bombing campaign and a within-location cohort variation as a source of
exogenous identification. This strategy overcomes the concerns related to the randomness of the
location of the bombing and challenges in accurately measuring exposure to conflict events. The
models estimated indicate that if mothers were exposed to the average bombing while they were
in utero, their children experience adverse health consequences of this exposure, a reduction of 0.4
standard deviations in their HAZ.
Disentangling the mechanisms of intergenerational transmission is difficult. Violent conflict, in
this case a war in which the affected country experienced one of the most intense bombing campaigns
in history, can impact the population born during the bombing through various channels. For
example, a bomb in the location of residence can cause stress in the women carrying the baby, and
that stress can have posterior effects on children’s health. The bomb can also destroy the roads,
restricting the resources available in the village. Therefore, one cannot attribute the long-term
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effects to one specific channel. The available data allowed me to look at the long-term effects of
this exposure on the first generation by estimating the impact on mothers’ adult height. The results
show a negative effect of in utero exposure on height-for-age of the adult mothers, suggesting that
channels that caused physiological changes that affected the health capital perpetuate the negative
impacts of the bombing campaign into the generations born after the bombing.
The results remain strong after various robustness tests. I perform a placebo test that assigns
the bombing intensity of the previous five years to the cohorts of mothers born between 1975 and
1979. This test shows no significant results and suggests that no other unobserved trends could be
driving the main results. Concerns of endogenous fertility and migration are also ruled out.
This study is the first to exploit accurate GPS information on exposure to the bombing in
Cambodia instead of using aggregate regional levels. It is also one of the first studies to show
the effects of war exposure on the next generation born decades after the end of the war. This
result suggests that the negative effects of a bombing campaign can be detected more than one
generation after it occurred, and that health capital can be adversely affected by war exposure. This
conclusion contrasts with previous literature that has found no impact on the long-term economic
development of Vietnam (Miguel and Roland, 2011). Since health capital is directly correlated
with labor productivity, the legacy of the bombing is actually affecting the country’s development.
The bombing campaign studied may explain a nontrivial portion of the poor nutrition outcomes,
stunting in particular, among current-day third-generation postbombing Cambodians.
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Figure 1.1: Survey Household Locations and Bombing Target Locations

Figure 1.2: Source of Identifying Variation
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Figure 1.3: Source of Identifying Variation

0

Tons ordnance per month
500
1000

1500

Location 183

1968

1970

1972
date

Weight of bombs dropped in month, tons

1974

1976

In utero period for sample birth

Table 1.1: Summary Statistics, Mothers and Children

Variable
Non mover
N

Mean
0.55

Std. Dev.
0.498
1260

29.567
21.033
0.27
0.571
0.157
0.001
0.354

2.98
3.268
0.444
0.495
0.364
0.038
0.478

Mothers
Age
age of respondent at 1st birth
No education
Primary
Secondary
Higher
2005 survey
N
Children
child’s age in months
Length/height-for-age Z-score (WHO)
Length/height-for-age Z-score*
Weight-for-age Z-score (WHO)
Weight-for-age Z-score*
N

693
30.377
-1.909
-0.009
-1.637
-0.032

16.94
1.785
1.088
1.169
0.983
923

Note: *Z-scores calculated with reference to Cambodian population. All the summary statistics are for non
movers and mothers born between the heavy bombing from 1970 to 1974
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Table 1.2: U.S. Bombing Campaign in Cambodia

Year

Sorties

1969
1970
1971
1972
1973
1975
Total

14
35,888
41,741
11,854
57,456
16
146,969

Tons
of ordnance
48
65,539
59,605
35,962
251,628
25
412,808

Table 1.3: Bomb Intensity Summary Statistics across Mothers
Variable
in utero
0-1 year
1-2 years
2-3 years
3-4 years
N

Mean
187
251.4
198.6
190.7
136

Std. Dev. Min.
891.3
0
712.1
0
699.5
0
897.9
0
911.4
0
693

Max.
15,904.4
7,295
7,342
13,599.4
15,783.1

Note: For mothers born between 1970-1974, each number represents the tonnage the ordnance dropped in different stages from
conception to 3 years old within a 10Km radius of the place of
birth.
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Table 1.4: Effects of Mothers’ Bombing Exposure Intensity on their Children Anthropometrics

Commune Level
HAZ
WAZ
(1)
(2)
-0.060
-0.068∗
(0.050)
(0.041)

Original Locations
HAZ
WAZ
(3)
(4)
-0.040
-0.070
(0.058)
(0.048)

0 to 1 year

-0.096∗∗
(0.044)

-0.111∗∗∗
(0.040)

-0.065
(0.050)

-0.107∗∗
(0.046)

1 to 2 years

-0.083∗
(0.042)

0.001
(0.034)

-0.081∗
(0.045)

-0.012
(0.037)

2 to 3 years

-0.096∗
(0.051)
923
-0.06
1.06
388
693

-0.047
(0.040)
923
-0.06
0.97
388
693

-0.072
(0.061)
923
-0.06
1.06
443
693

-0.030
(0.046)
923
-0.06
0.96
443
693

In utero

N
Mean of outcome
St. dev. of outcome
Unique locations
Mothers

Note: All models include location, birth order and mother year of birth fixed effects, also controls for age at
first birth and year of the survey. Estimated with OLS. Heteroskedasticity-consistent robust standard errors
cluster by location in parentheses. Significance levels are indicated by ∗ < .1, ** < .05, *** < .01.
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Table 1.5: Effects of Mothers’ Bombing Exposure Intensity on their Children Anthropometrics - 24 months and older

In utero

0-5 years old
HAZ
WAZ
(1)
(2)
-0.040
-0.070
(0.058)
(0.048)

24 months and older
HAZ
WAZ
(3)
(4)
-0.112∗
-0.106
(0.066)
(0.070)

0 to 1 year

-0.065
(0.050)

-0.107∗∗
(0.046)

-0.124∗∗
(0.053)

-0.142∗∗
(0.059)

1 to 2 years

-0.081∗
(0.045)

-0.012
(0.037)

-0.124∗∗
(0.052)

-0.000
(0.048)

2 to 3 years

-0.072
(0.061)
923
-0.01
1.09
443
693

-0.030
(0.046)
923
-0.01
1.09
443
693

-0.147∗
(0.083)
585
-0.04
1.01
370
531

-0.115∗
(0.062)
585
-0.04
1.01
370
531

N
Mean of outcome
St. dev. of outcome
Unique locations
Mothers

Note: All models include location, birth order and mother year of birth fixed effects, also controls for age at
first birth and year of the survey. Location fixed effects are based on original DHS locations. Estimated with
OLS. Heteroskedasticity-consistent robust standard errors cluster by location in parentheses. Significance
levels are indicated by ∗ < .1, ** < .05, *** < .01.
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Table 1.6: Dummy for each Period of Exposure, 0 to 5 ears and 24 months and older

In utero

0-5 years old
HAZ
WAZ
(1)
(2)
-0.258
-0.364∗∗
(0.206)
(0.184)

24 months and older
HAZ
WAZ
(3)
(4)
-0.535∗∗
-0.660∗∗
(0.247)
(0.260)

0 to 1 year

-0.190
(0.211)

-0.472∗∗∗
(0.167)

-0.399∗
(0.224)

-0.712∗∗∗
(0.211)

1 to 2 years

-0.174
(0.216)

0.157
(0.203)

-0.374
(0.252)

0.183
(0.245)

2 to 3 years

-0.035
(0.241)
923
-0.06
1.06
443
693

-0.151
(0.204)
923
-0.06
0.96
443
693

-0.021
(0.290)
585
-0.10
1.05
370
531

-0.309
(0.277)
585
-0.08
0.99
370
531

N
Mean of outcome
St. dev. of outcome
Unique locations
Mothers

Note: All models include location, birth order and mother year of birth fixed effects, also controls for age at
first birth and year of the survey. Location fixed effects are based on a 5 km radius grouping of DHS locations
for both rounds 2000 and 2005. Estimated with OLS. Heteroskedasticity-consistent robust standard errors
cluster by mother and location in parentheses. Significance levels are indicated by ∗ < .1, ** < .05, ***
< .01.
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Table 1.7: The Mechanism: Effects of Mombing Exposure on Mother’s HAZ

Commune Level
HAZ
HAZ - Dummy
(1)
(2)
∗∗
-0.064
-0.184
(0.029)
(0.115)

Original Locations
HAZ
HAZ - Dummy
(3)
(4)
∗∗
-0.065
-0.264∗∗
(0.031)
(0.119)

0 to 1 year

-0.023
(0.027)

-0.151
(0.131)

-0.021
(0.028)

-0.206
(0.138)

1 to 2 years

-0.069∗∗∗
(0.025)

-0.149
(0.139)

-0.092∗∗∗
(0.028)

-0.226
(0.144)

2 to 3 years

0.020
(0.029)
1162
0.02
0.98
493

-0.111
(0.147)
1162
0.02
0.98
493

0.016
(0.033)
1162
0.01
0.98
606

-0.088
(0.154)
1162
0.01
0.98
606

In utero

N
Mean of outcome
St. dev. of outcome
Unique locations

Note: All models include location, mother year of birth fixed effects, year of the survey when using commune
as aggregation. Estimated with OLS. Heteroskedasticity-consistent robust standard errors cluster by location
in parentheses. Significance levels are indicated by ∗ < .1, ** < .05, *** < .01.

27

CHAPTER 1. HEALTH EFFECTS OF THE U.S. BOMBING OF CAMBODIA

28

Table 1.8: Migration During Bombing Period.
Migration Status and time
No migration
Migrated during bombing
Migrated at a different time
Total

Population
408,620
9,098
452,677
870,395

Percentage
46.95
1.05
52.01
100%

Note: Population born before 1974. IPUMS - Cambodian Census 1998 and 2008.

Table 1.9: Reasons for Migration
Reason for migration

Migration at a different time Migration during bombing
Number
Percentage
Number
Percentage
Seeking work
75,471
18.47
833
9.16
Job relocation
47,516
11.63
626
6.88
Family move
110,740
27.1
1,769
19.44
Study
1,643
0.4
20
0.22
Marriage or union
66,478
16.27
4,512
49.59
Violence or insecurity
5,620
1.38
192
2.11
Natural disaster
262
0.06
10
0.11
Natural disaster or insecurity
16,501
4.04
451
4.96
Repatriation
57,917
14.17
289
3.18
Housing problems
2,504
0.61
47
0.52
Visiting
7,978
1.95
60
0.66
Other reason, not els
8,376
2.05
125
1.37
Not specified
7,614
1.86
164
1.8
Total
408,620
100
9,098
100
Note: Population born before 1974. IPUMS - Cambodian Census 1998 and 2008.
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Table 1.10: Endogenous Fertility

In utero
0 to 1 year
1 to 2 years
2 to 3 years
N
Mean of outcome
St. dev. of outcome
Unique locations

Number of
children
(1)
-0.046
(0.031)
-0.020
(0.026)
-0.050∗
(0.027)
-0.039
(0.030)
1162
2.66
1.80
606

Terminated
Pregnancy
(2)
0.000
(0.007)
0.003
(0.006)
-0.008
(0.007)
-0.003
(0.007)
1162
0.17
0.38
606

Contraceptives
(3)
-0.009
(0.009)
-0.002
(0.009)
-0.010
(0.008)
-0.011
(0.008)
1162
0.62
0.49
606

Note: All models include location, mother year of birth fixed effects, year of the survey when using
commune as aggregation. Estimated with OLS. Heteroskedasticity-consistent robust standard
errors cluster by location in parentheses. Significance levels are indicated by ∗ < .1, ** < .05, ***
< .01.
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Table 1.11: Placebo Test - Mother Birth Cohort 1975 to 1979 and Exposure of 5 years earlier

0-5 years old
HAZ
WAZ
(1)
(2)
-0.030
-0.008
(0.036)
(0.034)

24 months and older
HAZ
WAZ
(3)
(4)
0.014
-0.011
(0.048)
(0.049)

0 to 1 year

0.012
(0.035)

-0.010
(0.030)

-0.020
(0.057)

0.023
(0.040)

1 to 2 years

0.020
(0.038)

0.017
(0.042)

0.045
(0.050)

0.070
(0.043)

2 to 3 years

-0.000
(0.054)

0.070
(0.044)

-0.051
(0.074)

0.068
(0.051)

3 to 4 years

-0.061
(0.088)
1923
-0.06
0.86
629
1284

-0.118
(0.083)
1923
-0.06
0.83
629
1284

0.065
(0.114)
1550
-0.09
0.83
595
1128

-0.028
(0.041)
1550
-0.13
0.69
595
1128

In utero

N
Mean of outcome
St. dev. of outcome
Unique locations
Mothers

Note: All models include location, birth order and mother year of birth fixed effects, also controls for age at
first birth and year of the survey. Location fixed effects are based on original DHS locations. Estimated with
OLS. Heteroskedasticity-consistent robust standard errors cluster by location in parentheses. Significance
levels are indicated by ∗ < .1, ** < .05, *** < .01.
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Table 1.12: Effects on Children of Mothers Born in the Pre-Bombing Period 1950-1965

Commune Level
HAZ
WAZ
(1)
(2)
0.115
0.035
(0.206)
(0.183)

Original Locations
HAZ
WAZ
(3)
(4)
0.158
0.052
(0.220)
(0.189)

5 to 6 years

-0.080
(0.098)

-0.072
(0.086)

-0.052
(0.110)

-0.054
(0.099)

6 to 7 years

-0.050
(0.104)

-0.134
(0.088)

-0.015
(0.124)

-0.052
(0.099)

8 to 9 years

-0.014
(0.049)

-0.012
(0.043)

-0.011
(0.060)

-0.027
(0.049)

9 to 10 years

-0.017
(0.047)

-0.012
(0.040)

0.006
(0.049)

-0.009
(0.040)

10 to 11 years

-0.005
(0.046)

-0.007
(0.042)

-0.008
(0.050)

-0.013
(0.045)

11 to 12 years

-0.105∗∗
(0.051)

-0.070
(0.044)

-0.090∗
(0.054)

-0.070
(0.046)

12 to 13 years

0.029
(0.045)

0.025
(0.043)

0.036
(0.048)

0.017
(0.046)

13 to 14 years

-0.045
(0.050)

-0.038
(0.042)

-0.008
(0.057)

-0.035
(0.052)

14 to 15 years

0.045
(0.058)
910
-0.13
1.15
355
725

-0.001
(0.058)
910
-0.19
1.06
355
725

0.078
(0.066)
910
-0.13
1.17
408
725

0.003
(0.062)
910
-0.19
1.08
408
725

4 to 5 years

N
Mean of outcome
St. dev. of outcome
Unique locations
Mothers

Standard errors in clustered by location parentheses. ∗ < .1, ** < .05, *** < .01.

Chapter 2
An Honor and a Privilege: The Effect
of an Honors College on Completion
and College Quality
with Theodore J. Joyce

“How can one justify spending (or borrowing) $10,000, $20,000 or $40,000 more per year at Notre
Dame than one might at a flagship state university?” 1

2.1

Introduction

There are more than 700 honors programs at four-year U.S. universities and colleges, enrolling
upwards of 250,000 students.2 Many of the flagship state universities have honors colleges or
honors programs as a way to attract talented students and to provide merit-based aid. Honors
colleges or programs may carry a substantial or complete tuition waiver, smaller classes, designated
housing, more personalized academic counseling and other enrichment opportunities. Given the
1

Question posed to Rev. John I. Jenkins, President of Notre Dame, by Ron Lieber (New York Times,
June 23, 2017.)
2
See Scott et al. (2017).
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rising cost of college at private institutions, honor colleges or programs at public universities offer
a tempting alternative to financially sensitive families.
In this study, we analyze the effect of enrollment in the honors college (henceforth HC) at a
large, urban public university on graduation rates, school quality and cost. The HC is available
to incoming freshman only and provides a four-year tuition waiver, a $7,500 stipend for travel or
to support internships, a laptop computer, some designated class sections, personalized academic
counseling and priority registration each semester. We use a fuzzy regression discontinuity design
to instrument for enrollment by comparing all applicants just above and below the acceptance
threshold.
There is little research on how honors colleges and programs affect student outcomes given
their widespread prevalence. The few articles that exist are published in the Journal of National
Collegiate Honors Council (JNCHC), a publication of the eponymous organization. The research
on student performance is based on small samples, often with no comparison group, and analyzed
with rudimentary statistics.3 A more sophisticated analysis uses data on honors programs at 11
flagship public universities (Bowen et al., 2009). The authors compare six-year graduation rates
between those who enrolled in the honors program as compared to those from the general student
body adjusted for student characteristic at enrollment. The authors report a ten-percentage point
greater likelihood of graduating in six years between those in the honors program relative to the
general student body. The authors are quick to acknowledge the potential selection bias inherent
in such a comparison. Nevertheless, the data suggest that smaller, more focused communities
of students, characteristic of honors programs, may simulate the environment at smaller private
universities.
Despite the lack of research directly on honors colleges, several strands of research are relevant.
Many states now offer merit-based financial aid for students that attend in-state colleges, most often
public institutions (Cornwell et al., 2006; Goodman, 2008; Dynarski, 2008; Cohodes and Goodman,
2014). Our example is particularly germane given the potentially large cost differences between
attending the HC and residing at another college. The HC provides a complete tuition waiver,
3

See Cosgrove (2004) pp. 45-54., Slavin et al. (2008) pp. 77-88., Shushok Jr (2006) pp. 85-96.
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which is approximately 92 percent of the sum of tuition and fees. In addition, many HC students
live at home and commute, which provides extra savings relative to residing at a college dormitory.
Our analysis is also related to the impact of attending a flagship campus of a state university
on student outcomes (Hoekstra, 2009). Honors colleges in general, and ours in particular, can be
viewed as the most select opportunity within a college or university system. Many of the students
who apply and are not accepted at the HC attend one of the campuses within the university
system. Thus, we can analyze differences in graduation rates between those just above and below
the acceptance threshold who attend the HC or another campus within the system. Unlike Hoekstra
(2009), we link all applicants to the HC to National Student Clearinghouse. This enables us to
analyze the graduation rates of all applicants regardless of the college they attend.
Lastly, we follow Cohodes and Goodman (2014) and analyze the effect of the HC on the quality
of the college attended. Their study suggests that merit aid offered by states to encourage resident
students to attend a college within the state system may lower the quality of college attended. Like
Cohodes and Goodman (2014) we use a fuzzy regression discontinuity (fuzzy RD, henceforth) to
instrument for enrollment in the HC on school quality. We use various measures of school quality
as well as an index of quality as outcomes. There are two important difference between Cohodes
and Goodman (2014)’s study and ours. First, they analyze the college choices of all high school
students in Massachusetts. They assess whether the Adams Scholarship induced students who may
have enrolled in colleges out of state to attend college within Massachusetts. Our analysis is limited
to all applicants of the HC at this large public, urban university which precludes an analysis of instate versus out-of-state attendance. Second, we analyze a more select group of students. Cohodes
and Goodman (2014) analyze the outcomes of high school students in the top 25 percent of their
district. The 75th percentile of the math SAT for their cohort is 600 as compared to 740 among
students enrolled in the HC (Cohodes and Goodman (2014), Table 2.2). Moreover, 57 percent of
those accepted to the HC, but who chose not to enroll, attended the most competitive colleges
as ranked by Barron’s in which the 75 percentile in math is 780. Thus, the potential trade-off in
quality induced the HC may be substantial.
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Our results demonstrate that students enrolled in the HC have the same four and six-year
graduation rates as those who just missed being accepted to the HC. However, we find substantial
differences in the quality of colleges attended when we compare the HC to the quality of colleges
attended by those just below the acceptance threshold. More importantly, these gains in quality are
obtained at $18,833 less per year. Our results suggest that honor colleges at public universities that
are similar to the HC provide a highly competitive alternative to select but much more expensive
private colleges.
The paper is organized as follows, the next section is a description of the data and its structure.
In section three we present our identification strategy motivating the use of regression discontinuity
for our study and the procedure we use to estimate the admission threshold. Section four looks at
the discontinuity on acceptance and enrollment and section five presents the effects of enrollment
on the different outcomes. Section six looks at heterogenous effects of enrollment, in section seven
we discuss the results and we finally conclude in section eight.

2.2

Data

We use applicant-level data from the administrative archive of applicants to the honors college at a
large multi-campus university.4 The data include all the applicants to the HC from 2002 to 2014.5
We have information regarding applicants admission status (accepted, not accepted, enrolled), the
term in which they applied, SAT score, high school GPA and age, race/ethnicity and immigration
status.
The applicant data are linked to the National Student Clearing House (NSC). Founded in 1993
the NSC currently has more than 3,600 colleges and universities that participate (representing 98%
of all students in public and private U.S. institutions) reporting enrollment and degree completion
information (Dynarski et al., 2015). Linkage to the NSC provides information on the college or
university that applicants to eh HC attended, the term they entered and the degrees, if any, they
4
5

We cannot disclose the name of the institution as part of the agreement in acquiring access to the data.
With a gap in 2008 due to a matching issue.
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obtained. We use the first college they attended after their application to HC regardless of the
institution from which they graduated.
We also incorporated institutional characteristics from the Integrated Post-secondary Education Data System (IPEDS). The IPEDS provides information from colleges and universities6 on
enrollment, admissions, completion, graduation rates, institutional prices, and financial aid among
others. For the purpose of our study we linked IPEDS data for the years 2002-2014 to the colleges
that students attended first. We use data on the average SAT of incoming freshmen, math SAT at
75th percentile of incoming freshmen, instructional expenditures per full-time equivalent student,
colleges’ four and six year graduation rate and average total cost of attendance. We also include
the Barron’s competitiveness scale for 2004 and 2008 developed by Barron’s Profiles of American
Colleges. This widely cited index classifies the schools into 7 selectivity categories where 1 indicates
“most competitive,” 2 “highly competitive plus,” 3 is “highly competitive,” 4 is “very competitive
plus,” and 7 is “non competitive.”

Sample
Figure 2.1 presents the structure of our applicant data. All applicants are initially sorted by
whether they were accepted or not into the HC. Those accepted are further stratified by whether
they attended the HC or enrolled elsewhere. Similarly, those not accepted are sorted by whether
they remained in the public university system or enrolled elsewhere. The initial file contained 44,326
applicants to the HC for the years 2002-2007, 2009-2014 (Figure 2.2). After merging these with
NSC, 42,814 remained. Linkage with IPEDS reduced the applicant file to 39,324. Eight campuses
within the University participate in the HC. Three however, are relatively new and small. Thus,
we limit the analysis to the five campuses that have been part of the HC since its inception in
2001 (n=37,314). Of the 9,317 applicants accepted to the HC, 4,145 (44%) enrolled in the HC. Of
27,997 applicants not accepted, 8,404 (30%) enrolled in the university system. Figure 2.2 presents
the sample sizes of each of the groups shown in figure 2.1.
6

Information from institutions that participate in the federal student financial aid programs, Title IVeligible institutions. It also includes not eligible institutions that request to be part of IPEDS.
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Tables 2.1 to 2.4 show descriptive statistics of the different groups of applicants in our data.
Table 2.1 shows the distribution of applicants by race/ethnicity among the different acceptance and
enrollment status groups. Asians and whites each represent around 30% of the applicants in each
group. Table 2.2 shows the percentage of applicants by immigration status, high school GPA and
average SAT scores. First generation applicants are those who are foreign born to parents who are
also foreign. Second generation applicants are born in the U.S. to parents who are both foreign born.
The number of applicants to our HC whose parents are foreign born is particularly high, 53 percent,
compared to the 23 percent that this population represents out of all U.S. undergraduate enrollees
in 2007.7 The percent of applicants to the HC with foreign-born parents is high even compared
to states with large immigrant populations. For example, 45 percent of all undergraduates in
California are immigrants, this number is 25 percent for Texas and 29 percent for New York8 .
Also these numbers are taking into account all undergraduate students. In 2011, nationwide public
4-year institutions had around 30% of immigrants enrolled, and private institutions around 10%,
this number is probably even lower for selective elite private universities.9
Table 2.3 shows average school quality measures of the institutions that applicants to the HC
first attended. These include mean combined SAT score and 75th percentile math SAT score of
admits, and four and six year graduation rates. For example, non accepted applicants who attended
a school in the public university system, where the HC is hosted, scored an average of 1196 on their
SAT; this compares favorably to the mean SAT of admits to those schools, 1110. This comparison
is similarly favorable for all the other groups showing the relative quality of the applicants to the
HC.
Table 2.4 shows other school characteristics by applicant group. Applicants accepted that enroll
outside (do not enroll in the HC) attend institutions whose Barron’s index is on average “highly
competitive plus” (1.8). Only 20 percent of these highly selective schools are public. The average
cost per year that this group pays is about $47,000, and 20 percent of these applicants attend Ivy
7

See Staklis et al. (2012) p. 5. fig. 2
See Staklis et al. (2012) p. 6. fig. 3
9
See Arbeit et al. (2016) p. 12 fig. 9.
8
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Plus schools10 . Non-accepted applicants that enroll outside of the system where the HC is hosted
enroll in less selective schools (mean Barron’s index of 2.5); only 37 percent of those are public, and
the average attendance cost is also high ($38,843). In contrast, the selectivity of the schools in the
system where the HC is hosted is lower, the Barron’s index is “very competitive plus” (3.7)11 , but
students cost of attendance is also considerably lower at $8,265 for HC students and $13,699 for
students in the system. This shows that applicants that do not enroll in the HC on average attend
schools that are more than double the cost and are more selective. While these descriptive patterns
characterize the decisions of applicants given their available choices, we will further separate the
causal effect of enrollment in the HC on graduation outcomes and college quality in the analysis to
follow.

2.3
2.3.1

Identification Strategy and Estimation
Regression discontinuity design

In this study we investigate the effect of attending an honors college on degree completion and
college quality. In order to estimate the causal effect of enrollment in the honors college we use
a regression discontinuity design that exploits the estimated threshold for admittance to the HC.
Because the decision to enroll is endogenous, comparisons between those enrolled and not enrolled
in the HC are likely to be confounded by hard-to-measure characteristics of the admits related to
anticipated success in the selected college. A regression discontinuity allows us to eliminate this
omitted variable bias by comparing applicants just above and below the admission threshold. These
applicants should be similar in their characteristics and skills except for their acceptance into the
HC. Put differently, all observed and unobserved characteristics are similar around the threshold,
which implies that the variation in the treatment around the cutoff is as good as randomly assigned
10

The Ivy Plus institutions are Brown, Columbia, Cornell, Dartmouth, Duke, Harvard, M.I.T., the University of Pennsylvania, Princeton, Stanford, the University of Chicago, and Yale.
11
Barron’s does not separate the HC from the hosting institution in their index, as discussed below.
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(Lee and Lemieux, 2010).12

2.3.2

Determination of the Admission Rule and SAT Threshold
Estimation

The institution did not keep records of the specific admission rules for each year. Admission
criteria were based on a combination of SAT, high school GPA, letters of recommendation, essays
and extracurricular activities. Unfortunately, only information on SAT and GPA were provided to
us. We do not consider this a major problem. As Lee and Lemieux (2010) note, as long as applicants
or admission officers have imprecise control over acceptance and the other factors are continuous
through the threshold, then we can still obtain unbiased estimates of the local treatment effect. In
our case, the valuation of essays, recommendations, and extracurricular activities is more subjective
than SAT and GPA. We are assuming that near the acceptance threshold, these determinants vary
smoothly.
To create the admission threshold, we follow Hoekstra (2009) and create a single dimension
criterion based on a nonlinear combination of SAT score and high school GPA. Specifically, we
compute an adjusted SAT for each applicant, given by the difference between an applicant’s actual
SAT and the SAT score that best predicts a large jump in the probability of acceptance. If an
applicant’s actual SAT is greater than the estimated SAT cutoff, then the probability of admission
will rise relative to students whose actual SAT is lower than the estimated SAT cutoff. We obtain
the estimated SAT cutoff by finding the SAT that maximizes the R-squared in a regression of
whether the student was accepted or not at each combination of GPA level, campus to which the
12
This presumes that neither applicants nor the admission committee can manipulate the acceptance status
of those near the margin. A violation of this assumption would be a case in which applicants figure out the
SAT threshold and take the test several times until the threshold is achieved. We believe this scenario is
implausible because the institution never reveals or publishes the admission threshold. More to the point,
admissions decisions are based on a combination of SAT, high school GPA, letters of recommendation,
applicant essays and extracurricular activities. A more likely source of manipulation may occur among the
admission committee: members may want to increase the representation of certain groups in the HC and
accept students with lower SATs and GPAs than those of other groups. This behavior would tend to bias
results downward if it diminishes the outcomes of HC enrollees relative to similarly qualified applicants who
are denied admittance.
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applicant applied, and year of application. For example, consider all applicants to campus A in 2009
with GPAs of 90.13 Within this cell we regress the binary outcome of acceptance on applicants’
SAT. We then find the SAT score that maximizes the R-squared of this regression. This estimated
SAT cutoff is then subtracted from the applicant’s actual SAT to create the running variable for
the regression discontinuity. We repeat this exercise for all applicants to campus A in 2009 and
with GPAs of 91. We do this for each campus, year and GPA, partitioning the data into eleven
GPA groups in order to have an adequate sample size for our regressions.14

2.4

Admission Cutoff, Acceptance and Enrollment

Figure 2.5 shows the probability of acceptance to the HC on the vertical axis relative to the
adjusted SAT – the running variable – on the horizontal axis. Each dot is the mean probability
of acceptance per unit of the adjusted SAT. The solid curve that fits the grey dots in the figure
represents a second-order polynomial on each side of zero. What is immediately apparent from
Figure 2.5 is the sharp jump of roughly 40 percentage points in the probability of acceptance at
the adjusted SAT of zero, the point at which a student’s actual SAT is equal to the estimated SAT
cutoff. We perform a local linear regression of the following form:

Yi = β0 + β1 Di + β2 SATi + β3 Di ∗ SATi + ei

(2.1)

where Yi represents acceptance or enrollment, SATi represents the running variable estimated
above (points of SAT above the estimated cutoff) and Di is an indicator for the eligibility into the
HC (SATi > 0).
The validity of the discontinuity design relies on the assumption that observed covariates do
not vary discontinuously at the eligibility threshold. Figure 2.3 and Tables 2.5 and 2.6 provide
13

GPA values are provided to us by the institution and are scaled from 0 to 100.
The high school GPA ranges from 64.7 to 99.6. The first group corresponds to applicants with high
school GPA less than or equal to 88, while the next nine groups correspond to applicants with GPA greater
than 88 and less that 98 increasing by one unit, and the last group includes applicants with GPA greater
than or equal to 98.
14
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evidence that distribution of the covariates is smooth around the threshold. The graphs show no
considerable jumps for sex, or first and second generation of immigrants. Table 2.5 shows the
results for these covariates with no significant results for either of them. We estimate a local linear
regression with a bandwidth of 65 for all these variables. We also run the estimations using the
optimal bandwidth selection method and the results do not differ. The size of our bandwidth is
based on the average bandwidth resulting from the optimal bandwidth selection method across
outcomes. We preferred to use a fixed bandwidth in order to maintain a stable sample across
outcomes. We also estimate a local linear regression by race shown in table 2.6 in which we observe
small and significant discontinuities for whites and for Hispanic at the threshold. (Note that it
is highly unlikely for the applicants to manipulate their race to be on the right-hand side of the
threshold.) These results could be interpreted as the possibility of decisions about admission at
the margin being affected by applicants’ reported race. However, the size of the discontinuity is
sufficiently small to argue that this should not bias the results. In figure 2.4 we show the graph
of the McCrary test for manipulation. The confidence intervals of the density for the adjusted
SAT variable (running variable) on each side suggest that there is little scope for manipulation
(McCrary, 2008).
Table 2.5 shows the estimated size of the discontinuity. Being above the cutoff implies a jump
of 51 percentage points more in the probability of admission to the HC. This increase is statistically
significant at the 5% level. In all our non-parametric estimations we use a triangular kernel that
gives more weight to the points near the threshold than to those far from it. The selection of
the bandwidth unless otherwise specified follows Calonico et al. (2014), CCT henceforth, a similar
approach to Imbens and Kalyanaraman (2012), IK henceforth.15
We have shown that applicants above the threshold experience a considerable increase in the
probability of being accepted in the HC, that is the intention to treat estimate (ITT). However,
not all the accepted applicants enrolled in the HC, only 42.2% of accepted applicants enrolled
15

CCT bandwidth selection is a second generation plug-in rule of the IK first generation, they differ on
the variance and bias of the τ (the jump), CCT uses nearest neighbors to estimate those. We performed our
estimation using both IK and CCT bandwidth selection, the results the results are very similar, but CCT
returns the smaller bandwidth, and this was our preferred method.
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(about 4,231 applicants). Figure 2.6 provides visual evidence of the discontinuity at the threshold
on enrollment. Table 2.7 columns 2 and 3 show the results for the estimation of the discontinuity
in the probability of enrollment at the cutoff. Column 2 shows the estimation of a reduce form
where we perform a fuzzy RD like the one implemented for acceptance showing a discontinuity
in enrollment of 30 percentage points. However, enrollment only occurs if the applicant has been
accepted. Therefore we estimate this discontinuity conditional on acceptance. The result for this
second stage RD is in column 3 of Table 2.7, we observe that around the threshold the probability
of enrollment conditional on acceptance increases by 59 percentage points.
Table 2.8 provides the results for the parametric estimation of the fuzzy RD, implementing a
reduced form estimation for acceptance and enrollment and then a 2SLS estimation for enrollment
conditional on acceptance. We opted for a quadratic functional form in the regression. Panel A
shows the results for a quadratic regression using observations 200 points to the left and 200 points
to the right of the cutoff. Results show a positive and significant discontinuity in acceptance and
enrollment due to the eligibility and the results for the second stage fuzzy RD on enrollment are
very similar in magnitude to the result in the non-parametric robust estimation shown in column
3 of Table 2.7. Panel B restricts the regression to observations 50 points to the left and 50 points
to the right of the cutoff. The magnitude of the discontinuity in this case is very similar to the
local linear estimation, which is not surprising since the estimation is using observations closer to
the threshold than in the local linear.

2.5

Effect of Enrollment on Degree Completion, College Quality and Cost of Attendance

In this section we present the results of the estimation of the effect of enrollment into HC on time to
degree, college quality and cost. We perform estimations of our fuzzy RD using a non-parametric
local linear method and a parametric method. In the non-parametric local linear method, the fuzzy
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RD is a ratio of two ITT’s, as shown in equations 2 and 3 below:

Enrolli = β0 + β1 Di + β2 SATi + β3 Di ∗ SATi + vi

(2.2)

Outcomei = δ0 + δ1 Di + δ2 SATi + δ3 Di ∗ SATi + ei

(2.3)

where the fuzzy RD Estimate equals δ1 /β1 ≈ β2SLS , as shown below.
In the parametric regression discontinuity method the RD estimate acts as an IV estimate, we
use a quadratic regression of the form:

d t + δ2 SATi + δ3 SAT 2 + δ4 Di ∗ SATi + δ5 Di ∗ SAT 2 + ei
Outcomei = δ0 + δ1 Enroll
i
i

(2.4)

Enrolli = β0 + β1 Di + β2 SATi + β3 SATi2 + β4 Di ∗ SATi + β5 Di ∗ SATi2 + vi

(2.5)

In these equations Enrolli represents enrollment into the HC. Outcomei refers to the outcome
variables that we will investigate: time to degree completion, college quality variables and cost
of attendance. SATi represents the running variable estimated above (points of SAT above the
estimated cutoff) and Di is an indicator for the eligibility into the HC (SATi > 0), it also acts as
the identifying instrument in the parametric estimation method (equation 5).

Time to Degree Completion
One of the main outcomes of interest for institutions, parents and students is time to degree
completion. Since in a public school system it requires more resources from the institution and
therefore public funds. It implies more cost to the parents and the students since it delays their
labor force participation the longer they take to graduate from college.16 To investigate the effects
of enrolling in the HC on time to degree completion, we first estimate a reduced form local linear
regression of the adjusted SAT variable on time to degree completion (as shown in figure 2.7).
However, enrollment is a choice, and we are interested in the effect of enrollment on this outcome.
16

Even if some students work during college, they are still paying the opportunity cost of the time they
are investing in their education.
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Therefore we apply the fuzzy RD method with enrollment as the treatment variable in both local
linear and parametric quadratic regression as presented in equations 2 to 5 using time to degree
completion as the Outcomei variable and enrollment as the Yi .
Table 2.9 shows the results of these estimations. We restrict our sample to cohorts before
2012 because these later cohorts are less likely to have graduated by now since they have been in
school for less than four years. The first two columns present the robust local linear regression RD
estimates, columns 3 and 4 present the results for the parametric 2SLS. Column 1, the reduced form
RD estimate, shows the marginal applicant at cutoff has a lower time to completion. Column 2
provides the estimate for the fuzzy RD, showing that enrollment induces a lower time to completion.
Column 3 provides the result for the 2SLS RD estimate using observations 200 SAT point around
the cutoff, the sign of this estimate is also negative but it is not precisely estimated. Column 4 uses
observations 50 SAT points around the cutoff. The estimate is also negative and the significance
level improved. The RD estimates in this table, although small to claim considerable reduction in
the graduation time of HC enrollees, allows us to suggest that the enrollment in the HC and the
benefits of the scholarship that it provides do not generate perverse incentives for the students to
delay their completion time compared to the marginal students that enroll elsewhere. We extend
the implication of these results when discussing the effects of enrollment on college quality.

College Quality and Cost of Attendance
The size of the results observed in time to degree completion might be related to the characteristics
and quality of the schools in which applicants enroll. For instance, one could expect that if the
applicants enroll in colleges with low four-year graduation rates, they might take longer to complete
their degree. In table 2.4 we show that on average students that are accepted but do not enroll in HC
(5,172 applicants) enroll in colleges that are highly or very competitive according to the Barron’s
rankings. We also observe that 22% of these applicants enroll in Ivy Plus schools. We therefore
want to explore the characteristics and quality of school trade off that applicants experience by
enrolling in the HC. As mentioned in the data section for each applicant observation we have
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the information of the first college they attended after their application to the HC. We add the
school characteristics from IPEDS and College Scorecard, and we use those in this section. We
construct separate measures of the college quality variables for the HC within the institutional
system under study because IPEDS provides those for each campus in the system but no separate
measures for the HC. It could be argued that since students are in the same campus and are
not completely isolated from the rest of the students in the classes they take, and they are all in
the same institutional environment, the quality variables assigned to them should be the ones of
the institution. However, HC students take honors classes that are more competitive, they have
personalized advising, they have priority registration, and participate in special activities. The
honors college of our study ranks in the top ten of honors colleges and programs according to the
ratings in Willingham (2016). Note also that our HC has above-average ratings in several quality
measures like numbers of honors classes offered, honors enrollment, graduation rates, ratio of staff
to honors students and prestigious awards won by students among others.17 These ratings speak
of the quality and selectivity of the HC and provide information to support the use of separate
measures for the HC as this will provide a more accurate assessment of its quality compared to the
quality of the college to which it belongs. Below is a description of college quality variables we use:
Four or six years graduation rate - Applicants: We create a dummy variable that takes
the value of 1 if the applicant graduated in four or less years and another dummy if the applicant
graduated in six years or less form their bachelors degree.
Four or six years graduation rate - College: This variable refers to the graduation rate of the
college the applicant enrolls, the percentage of students in that college that graduate in four years
or less, and the percentage of students in that college that graduate in six years or less.
Avg SAT School: Refers to the average SAT of the admitted students in the college in which the
applicant enrolls.
SAT Math 75th School: School’s SAT math seventy-fifth percentile of incoming freshmen in the
college in which the applicant enrolls.
17

As mentioned, we agreed to not disclose the name of the institution of our study; for that reason we do
not enter into detail on the rating the honors program obtained in the national rankings.
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Instructional expenditure: Instructional expenditure per student in the college the applicant
enrolls. We do not create a separate measure for HC for this variable, because we do not have
itemized information of the expenditure associated to the honors students.
We perform a fuzzy RD to investigate the effect of enrollment into the HC on the college quality
measures described above. Figure 2.8 presents the discontinuity at the threshold for graduation
rates. Panel A contains the graphs for the four and six year graduation rates calculated for applicants; these figures are analogs of the time-to-degree-completion measure. The magnitude of
the results for this measure using a parametric and non-parametric fuzzy RD are presented in table 2.10. We do not observe a statistical significant discontinuity in these measure, meaning that
for the marginal applicant, enrollment does not induce a reduction or an increase in the applicants
graduation rates. These results are consistent with the small size of the estimates that we obtained
for degree completion.
Panel B of figure 2.8 shows the same analysis for four and six year graduation rates of the
colleges. These graphs speak to the quality of the colleges in which the students enroll. We
observe a discontinuity at the threshold suggesting that enrollment induces applicants to enroll in
colleges with better graduation rates. The estimated magnitude of this discontinuity is presented
in table 2.11. The first two columns show the results for the fuzzy RD robust non-parametric
estimation. We observe a positive and significant discontinuity in college graduation rates at the
threshold. Enrollment induces the marginal applicant to choose a college that has a 30 percentage
point higher graduation rate. Column 3 and 5 show that the results using 2SLS are very similar
in magnitude and are also significant, for the different number of observations included in the
regression (-/+ 200 or -/+50 SAT points). The results for six years graduation rates are also
positive and significant and consistent across specifications.
We then look at other measures of college quality. Figure 2.9 shows the graphs of the discontinuity in the threshold for the measures of average SAT of admitted students, SAT math 75th
percentile, and instructional expenditure. We observe a jump at the threshold for all three of these
measures. However, only for the first two do we observe an increase in quality for the marginal
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applicant (average SAT and SAT math 75th percentile), whereas instructional expenditure goes
down for the marginal applicant. Results in table 2.12 and 2.13 quantify the discontinuity with
the fuzzy RD.18 Enrollment at the threshold induces a positive and significant increase of around
200 points in the average SAT of the college of choice, and around 80 points in the SAT math
score of the 75th percentile admit. Conversely, results are negative and significant for instructional
expenditure, for the marginal applicant the instructional expenditure of the college of choice is
smaller by around $5,000 dollars. This last result is not surprising if we take into account that our
HC is part of a public institution, and around 45% of the applicants enroll in private schools where
instructional spending is double the spending on average.19
We then construct a measure of college quality as in Cohodes and Goodman (2014) where
they follow Black and Smith (2006)’s suggestion of combining multiple college quality measures to
avoid measurement error. Using the same variables in our applicant-level data described above we
perform a principal component analysis (PCA) with each college’s four-year graduation rate, SAT
math seventy-fifth percentile of incoming freshmen, and instructional expenditure per student. As
in Cohodes and Goodman (2014), the first variable captures the outcome of interest (graduation
rates are related to time to degree completion), the second variable captures a measure of student
quality in the colleges, and availability of resources is captured by the third variable. We use the first
principal component from this analysis as it captures 68 percent of the variation between these three
variables, which gives the three of them around the same weight. Figure 2.10 shows the eigenvalues
of the PCA analysis. The first component has a value higher than one and is chosen as our combined
college quality measure. For our estimations we standardized this measure so it has a mean of zero
and a standard deviation of one. Figure 2.11 presents the visual evidence that students at the
threshold enroll in colleges of higher quality, than students just below the threshold. Table 2.14
18

For robust estimations we use a bandwidth of 50 instead the optimal CCT bandwidth because we use
these measures to create a single measure of college quality using a principal component analysis, and we
wanted to present the results for these quality measures using the same bandwidth. We also did our estimations using CCT optimal bandwidth and the results are very similar to what we obtain with a bandwidth of
50.
19
If we calculate the average instructional expenditure of the colleges that applicants in our sample enroll,
private colleges have an average of $20,115 and public colleges of $9,701 for the whole sample of applicants,
these numbers are very similar if we restrict the sample to -/+ 50 SAT point around the threshold.
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shows the results of estimating the fuzzy RD of the effect of enrollment in HC on our PCA college
quality. Enrollment induces applicants at the threshold to chose colleges of higher quality than
applicants below the threshold. This result is statistically significant across estimations and ranges
between 30 to 50 percentage points. We use a bandwidth of 50 for consistency with the bandwidth
chosen for each one of the single college quality variables used in the PCA. This shows how even
though the colleges where students enroll seem to have less resources (measured in instructional
expenditure) the quality of the school and the students play an important role in our overall school
quality measure and in our results for college choice at the threshold.
We also want to investigate the impact of enrollment on the cost of attendance. The cost is
an important determinant in choosing a school, and a reduction in it also implies a reduction in
the present discounted value of college education. Figure 2.12 presents a plot showing evidence
that applicants at the threshold enroll in schools of lower cost compare to applicants just below the
threshold. We estimate the magnitude of this discontinuity with the Fuzzy RD that incorporates
the effect of enrollment, and find that enrollment induces a statistically significant reduction of
around $20,000 dollars in the cost of attendance. This number is similar across estimations (robust
non-parametric and parametric 2SLS). Here we also use a fixed bandwidth of 50 for comparison
purposes with the quality measures, and our estimates are of a similar magnitude if we use an
optimal bandwidth selection method.

2.6

Heterogeneous Effects

We also investigate the effects of enrollment for applicants whose parents are immigrants. As
mentioned above we classify these applicants as first generation if they are born outside the U.S
like both of their parents and second generation if their parents are foreign born but the applicant
is born in the U.S. We focus on the effect for these groups because they represent 53 percent of
the applicants in our study; 32 percent are first generation and 21 percent second generation. This
percentage is high given that the percentage of immigrants enrolled in undergraduate degrees in a
state like California is 45 percent, and 23 in the U.S. overall. The characteristics of our HC might
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be a very attractive option for the immigrant population which tend to have lower income and
educational attainment than the native born.20
Figure 2.13 shows visual evidence of the discontinuity at the threshold in the probability of
acceptance and enrollment for both first and second generation immigrants. The size of the discontinuity is estimated and presented in table 2.16. For both groups we observe that there is a
increase in the probability of acceptance and enrollment (estimated with a fuzzy non-parametric
RD, that controls for acceptance) for applicants at the threshold compared to below the threshold.
We then estimate the effects of enrollment on the same outcomes that we used for the whole
sample of applicants. Results in table 2.17 show that enrollment does not seem to induce a precisely
estimated decrease in the time to completion for either group of applicants with foreign parents, although the results have the expected negative sign. In terms of college quality, figure 2.14 shows the
graphs of the discontinuity for the college quality measures that we use in the PCA described above
(four year graduation rate of colleges, SAT math 75th percentile, and instructional expenditure).
Visually, all three measures exhibit a jump at the threshold with the expected direction, similar to
what we observe for the whole sample. We present the estimation of the fuzzy RD for these quality
measures in table 2.18. The first column provides the results for the four year graduation rate,
and we observe no significant results in this measure, meaning that enrollment does not induce
differences in the graduation rate of the college of choice for applicants of either generation at the
threshold. For instructional expenditure (column 3) our RD estimates are of similar magnitude
to the ones for the whole sample but only for the second generation do we have a more precisely
estimated result. This might be because second generation students might have access to more
information about colleges and might be able to afford more expensive colleges in case they are
not accepted or do not enroll in the HC. On the other hand we observe a statistically significant
increase in the SAT math 75th quality measure of the college of choice induced by enrollment for
both generations of applicants with foreign parents.
We then use the same PCA quality measure that we calculated for the whole sample and
20

All the RD estimations performed in this section are non-parametric RDs, we have also tried the parametric 2SLS least squares method and obtained similar results.
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estimate a fuzzy RD for our two groups. Although our estimates have the expected sign and
the magnitudes are of the same range as the ones we found in the whole sample, they are not
statistically significant for either group, as shown in columns 1 and 2 of table 2.19; see also the
graph in figure 2.15 for visual evidence. We also look at the effects of enrollment on cost of
attendance. In this case, we find a reduction in the cost of attendance of the college of choice
induced by enrollment at the threshold, but our RD estimate is only significant for the second
generation. This result is consistent with what we find for instructional expenditure. This leads us
to the conclusion that given the nativity status of students of second generation they might have
more information and income to afford more expensive colleges even if they are not different in
quality.

2.7

Discussion

Our analysis suggests that enrollment in the HC does not delay graduation time and that students
do not forgo college quality. These results contrast with previous findings showing merit-based aid
at a state college increases graduation time because students forgo college quality by enrolling in
the state institution (Cohodes and Goodman, 2014).
These differences arise due to the unique characteristics of the HC that make it a high-quality
school despite being part of a broader institution of lower relative quality. Our results would
likely change if we replicate our analysis assuming the HC does not differ in quality from the
host institution to which it belongs. For example, when we estimate our fuzzy RD using the
Barron’s index, which does not rate our HC separately from the institution it belongs, we find
that applicants at the threshold enroll in schools that are less competitive (colleges with a higher
Barron’s index). This will mean enrollment induces applicants at the threshold to forgo college
quality by attending schools that are less competitive – similar to the findings of Cohodes and
Goodman (2014). However, assigning the institutional quality outcomes to the HC is inaccurate.
As mentioned in section 5, the HC of our study ranks among the top ten honors colleges according
to the ratings in Willingham (2016). In the term reported in these ratings, 100 percent of honors
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enrollment was in honors sections only, while this number was 81 percent for the average of all
honors college in the study. Our HC has a lower ratio of student to staff than other honors college
programs in the U.S., higher graduation rates and smaller average class size. Also, the students
enrolled in the HC have considerable higher average SAT and high school GPAs than the average
student enrolled in the institution where the HC is hosted. The average SAT in the HC is 1,363 and
high school GPA is 93, whereas these numbers are 1,000 and 82, respectively, for the institution.
This justifies the creation of our separate measures of quality for the HC and therefore the positive
results that we obtain for college quality.
We also find that the gains in quality are obtained at a considerably lower cost for the students.
The results of the RD estimation on cost of attendance demonstrate that students who enroll in the
HC have $18,833 lower cost of attendance per year compared to those who were marginally declined
an acceptance. Nevertheless, if we focus only on graduation rates and completion time of applicants
among whom we do not observe differences at the threshold, then the magnitude of the difference
in cost is such that the HC is still a highly competitive alternative to private institutions. For the
marginal applicant, enrolling in the HC induces considerable savings without sacrificing time to
degree, meaning that the present value of the opportunity cost of college education is cheaper if
applicants attend the HC.
Hoekstra (2009) shows that there is an increase in earnings from attending a flagship state
university relative to other state universities. We use the average earnings ten years after graduation
for the college applicants attended to calculate earning differentials associated with the selectivity
of our HC. We compare the earnings of schools attended among those not accepted and not enrolled
50 SAT points below the threshold ($64,145) with those accepted but not enrolled 50 SAT points
above the threshold ($66,956), and find a difference of $2,761. We do the same calculation for
applicants closer to the threshold, -/+ 20 SAT points and find a similar difference of $2,330.
We also investigate the effects of enrollment on applicants that are first- and second-generation
immigrants. We do not find statistically significant effects of enrollment on college quality and
time to degree completion. We do observe a statistically significant reduction in cost of attendance
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for the second-generation immigrants. This suggest that second-generation immigrant applicants
might be less financially constrained and are able to afford more expensive colleges if they miss
the acceptance threshold, whereas first generation immigrants might not be able to afford more
expensive colleges and this might be explaining the non-significant result for this group.

2.8

Conclusion

Honors students in the institution in our study and in the U.S. benefit from rigorous academic
courses, special attention, and scholarships, which are substantial material trade-offs for parents
and students when making a college decision. Our results provide evidence that enrollment in our
honors college constitutes a sizable bargain for the high caliber students that apply to it. Students
in the HC graduate at the same rate as those not not admitted, but they have gains in college
quality at considerable lower cost and a positive earning differential that contributes to making the
HC a highly competitive alternative to other highly selective private institutions.
In contrast with previous evidence on the negative effects of merit-based aid on degree completion and college quality (Cohodes and Goodman, 2014), we show that the scholarship that
accompanies the acceptance into our HC does not have this effect. We attribute this result to the
gains in quality that applicants experience given the characteristics of the HC that differentiate it
from the broader institution to which it belongs, and also to the high-skilled students that apply
and enroll in the HC. Further research on the effects of attending an HC on labor market outcomes
such as earnings is still needed to learn more about the long-term impact of these programs in
modern higher education.
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Figure 2.1: Data Structure 1
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Figure 2.2: Data Structure 2
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Figure 2.3: Covariates Balance
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Figure 2.4: McCrary Test
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Figure 2.5: RD First Stage - Acceptance
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Figure 2.6: RD First Stage - Enrollment
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Figure 2.7: RD - Time to degree completion in years
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Figure 2.8: RD - Four and Six Year Graduation Rate
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Figure 2.9: RD - College Quality Measures
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Figure 2.10: Principal Component Analysis - Eigen Values
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Figure 2.11: RD - Principal Component Analysis - Quality Measure
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Figure 2.12: RD - Cost of Attendance per year
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Figure 2.13: RD First Stage - Foreign Parents
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Figure 2.14: RD College Quality Measures - Foreign Parents
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Figure 2.15: RD PCA-College Quality and Cost - Foreign Parents
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Table 2.1: Race/Ethnic Distribution of HC Applicants: 2002-2014
White, NH Black, NH Hispanic
Not Accepted-S*
Not Accepted-O
Accepted Not Enrolled
Accepted Enrolled-HC

0.316
0.308
0.333
0.375

0.064
0.061
0.057
0.038

0.104
0.076
0.067
0.061

Asian

Other Unknown

N(row)

0.326
0.325
0.358
0.294

0.081
0.076
0.072
0.084

8404
19593
5172
4145

0.109
0.156
0.113
0.148

Note: *S attended public university system; O attended college outside public university system; En enrolled; HC honors college

Table 2.2: Other Characteristics of HC Applicants: 2002-2014

Not Accepted-S*
Not Accepted-O
Accepted Not Enrolled
Accepted Enrolled-HC

First
Generation

Second
Generation

GPA

SAT

N

0.335
0.264
0.25
0.272

0.404
0.417
0.412
0.39

91.2
91.8
94.1
93.6

1196
1249
1410
1364

8,167
18,137
5,121
3,939

Note: *S attended public university system; O attended college outside public university system; En enrolled; HC honors college

Table 2.3: Characteristics of Colleges Attended by Applicants: 2002-2014

Not Accepted-S*
Not Accepted-O
Accepted Not Enrolled
Accepted Enrolled-HC

SAT
Colleges

SAT
Math75

4Yr Grad

6Yr Grad

1110
1209
1297
1364

628
668
711
734

0.21
0.56
0.67
0.7

0.44
0.71
0.8
0.82

Note: *S attended public university system; O attended college outside public university system; En enrolled; HC honors college
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Table 2.4: Other Characteristics of Colleges Attended by Applicants: 2002-2014

Not Accepted-S*
Not Accepted-O
Accepted Not Enrolled
Accepted Enrolled-HC

Barrons’08

Ivy Plus

Cost/year 2009-14

Public

N

3.7
2.5
1.8
3.7

0
0.036
0.2
0

$13,699
$38,843
$46,975
$8,265

1
0.37
0.23
1

8,404
18,672
5,013
4,141

Note: *S attended public university system; O attended college outside public university system; En enrolled; HC honors college

Table 2.5: RD Covariate Balance

RD Estimate
Robust 95% CI
Y
Observations

Female
(1)

1st Gen
(2)

2nd Gen
(3)

-0.006
(0.020)

-0.016
(0.020)

0.033
(0.022)

[-.07 ; .05]
0.604
11037

[-.09 ; .04]
0.278
8911

[-.01 ; .13]
0.399
8911

Note: Triangular kernel type. bandwidth 65 . Robust Standard errors in parentheses.
Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.

Table 2.6: RD Covariate Balance - Race

RD Estimate
Robust 95% CI
Y
Observations

White
(1)

Asian
(2)

Black
3)

Hispanic
(4)

-0.040*
(0.021)

-0.024
(0.021)

0.014
(0.009)

0.034***
(0.011)

[-.11 ; .02]
0.375
9946

[-.08 ; .05]
0.354
9946

[-.02 ; .03]
0.039
9946

[-.01 ; .06]
0.055
9946

Note: Triangular kernel type. bandwidth 65 . Robust Standard errors in parentheses. Significance levels
are indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.7: RD Accepted and Enrolled
Acceptance
1st Stage
(1)

Enrollment
Reduced
2nd Stage
Form
(3)
(2)

RD Estimate

0.517***
(0.028)

0.305***
(0.021)

0.590***
(0.034)

Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

[.47 ; .6]
4550
0
1
2
25.221
54.086

[.27 ; .36]
4550
0
1
2
28.661
62.698

[.27 ; .36]
4550
0
1
2
28.661
62.698

Note: Triangular kernel type. BW Type: CCT . Standard errors in parentheses. Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.

Table 2.8: RD Accepted and Enrolled
Reduced Form
Acceptance
Enrollment
(1)
(2)
Panel A. -/+ 200 SAT Points
SAT > cutoff

0.391***
(0.013)

0.222***
(0.010)

Accepted
N
Panel B. -/+ 50 SAT Points
SAT > cutoff

0.566***
(0.025)
28952

28952

0.516***
(0.031)

0.313***
(0.026)

Accepted
N

2SLS
Enrollment
(3)

28952

0.607***
(0.041)
9442

9442

9442

Note: Quadratic regression. Standard errors in parentheses. Significance levels are
indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.9: RD Effect of Enrollment on Time to Degree Completion
Robust - Local Pol
Time to degree
RD Estimate
Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

Reduced Form
(1)

2nd Stage
(2)

-0.107*
(0.061)

-0.372*
(0.211)

[-.27 ; .01]
6349
0
1
2
69.749
117.151

[-.27 ; .01]
6349
0
1
2
69.749
117.151

Parametric - 2SLS
SAT Points
-/+ 200
-/+ 50
(3)
(4)
-0.073
(0.162)

-0.454**
(0.220)

16369

5429

Note: Triangular kernel type. BW Type: CCT . Quadratic 2SLS Regression. Standard errors in parentheses. Significance levels are indicated by ∗
< .10, ** < .05, *** < .001.
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Table 2.10: RD Effect of Enrollment on Rate of Graduation of Applicants
Parametric - 2SLS
SAT Points
+/- 200
+/- 50
Four
Six
Four
Six
(3)
(4)
(5)
(6)

RD Robust
Four
(1)

Six
(2)

0.139
(0.091)

0.042
(0.073)

[-.01 ; .13]
4724
0
1
2
43.134
78.905

[-.04 ; .08]
5684
0
1
2
55.105
89.036

Graduation rate - Applicants
RD Estimate
Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

-0.026
(0.059)

-0.041
(0.051)

0.084
(0.082)

0.038
(0.071)

17103

17103

5684

5684

Note: Triangular kernel type. BW Type: CCT . Quadratic 2SLS regression. Standard errors in parentheses.
Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.

Table 2.11: RD Effect of enrollment on Rate of Graduation of Colleges
Parametric - 2SLS
SAT Points

RD Robust
+/- 200

+/- 50

Four
(1)

Six
(2)

Four
(3)

Six
(4)

Four
(5)

Six
(6)

Four Years
(1)

Six Years
(2)

Four Years
(3)

Six Years
(4)

Four Years
(5)

Six Years
(6)

RD Estimate

0.308***
(0.044)

0.171***
(0.031)

0.272***
(0.028)

0.144***
(0.018)

0.281***
(0.039)

0.141***
(0.025)

Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

[.08 ; .16]
4542
0
1
2
51.136
96.890

[.04 ; .1]
3025
0
1
2
39.648
80.923

13426

13172

4542

4574

Graduation rate - College

Note: Triangular kernel type. BW Type: CCT . Quadratic 2SLS regression. Standard errors in parentheses.
Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.12: RD - Quality Measures

RD Estimate
Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

Avg SAT
School
(1)

SAT Math 75th
School
(2)

Instr.
spend.
(6)

212.903***
(19.785)

89.281***
(9.625)

-4648.824***
(1788.467)

[66.17 ; 114.61]
6916
6
1
2
50
50

[28.41 ; 51.57]
6911
3
1
2
50
50

[-3514.1 ; 630.37]
7112
543
1
2
50
50

Note: Triangular kernel type. Standard errors in parentheses. Significance levels are indicated by ∗ < .10,
** < .05, *** < .001.

Table 2.13: Parametric RD Quality Measures

Panel A. -/+ 200 SAT Points
Coefficient
N
Panel B. -/+ 50 SAT Points
Coefficient
N

Avg SAT
School
(1)

SAT Math 75th
School
(2)

Instr.
spend.
(6)

191.8∗∗∗
(15.74)

79.69∗∗∗
(13.40)

-6208.1∗∗∗
(-5.33)

25228

25212

26011

186.247∗∗∗
(17.439)

76.691∗∗∗
(8.469)

-5829.294∗∗∗
(1603.788)

8309

8303

8551

Note: Quadratic regression. Standard errors in parentheses. Significance levels are
indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.14: RD Effect of Enrollment on PCA College Quality Measure
Robust - Local Pol
PCA Quality Measure

Fuzzy
(1)

RD Estimate

0.508***
(0.161)

Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)

[.03 ; .43]
6249
0
1
2

Parametric - 2SLS
SAT Points
-/+ 200
-/+ 50
(2)
(3)
0.292**
(2.90)

0.373***
(0.143)

22634

7499

Note: Triangular kernel type. Bandwidth 50 . Quadratic 2SLS Regression.
Standard errors in parentheses. Significance levels are indicated by ∗ < .10,
** < .05, *** < .001.

CHAPTER 2. AN HONOR AND A PRIVILEGE

75

Table 2.15: RD Effect of Enrollment on Cost of Attendance
Robust - Local Pol
Cost of attendance
RD Estimate

Fuzzy
(1)
-18833.340***
(3960.420)

Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)

[-8760.36 ; 494.72]
4536
1212
1
2

Parametric - 2SLS
SAT Points
-/+ 200
-/+ 50
(2)
(3)
-21252.4***
(-8.43)

-21197.9***
(3455.289)

16861

5471

Note: Triangular kernel type. Bandwidth 50 . Quadratic 2SLS Regression. Standard errors in parentheses.
Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.

Table 2.16: RD Accepted and Enrolled - Foreign Parents
First Gen.
Acceptance
Enrollment
(2)
(1)

Second Gen.
Acceptance
Enrollment
(4)
(3)

RD Estimate

0.391***
(0.038)

0.577***
(0.062)

0.515***
(0.040)

0.578***
(0.047)

Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

[.32 ; .49]
2484
0
1
2
60.044
109.038

[.17 ; .3]
2484
0
1
2
63.212
110.672

[.44 ; .63]
2007
0
1
2
31.482
61.319

[.25 ; .38]
2007
0
1
2
35.521
66.710

Note: Triangular kernel type. BW Type: CCT . Standard errors in parentheses. Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.17: RD - Effect of Enrollment on Time to Degree Completion - Foreign Parents

RD Estimate
Robust 95% CI
Observations
Conventional Std. Error
Order Loc. Poly. (p)
Order Bias (q)
BW Loc. Poly. (h)
BW Bias (b)

Foreign
Parents
(1)

First Gen.
(2)

Second Gen.
(3)

-0.350
(0.299)

-0.221
(0.542)

-0.419
(0.350)

[-.29 ; .09]
4151
0
1
2
83.059
129.891

[-.37 ; .28]
1682
0
1
2
74.733
115.206

[-.38 ; .09]
2271
0
1
2
84.757
132.945

Note: All estimations are local linear Fuzzy RD. Triangular kernel type.
BW Type: CCT . Standard errors in parentheses. Significance levels are
indicated by ∗ < .10, ** < .05, *** < .001.

Table 2.18: RD - Effect of Enrollment on College Quality Measures - Foreign Parents

Panel A. First Gen.
RD Estimate
Robust 95% CI
Observations
Conventional Std. Error
Panel B. Second Gen.
RD Estimate
Robust 95% CI
Observations
Conventional Std. Error

4 Year
Grad rate
(1)

SAT
Math 75th
(2)

Instr.
spend.
(3)

0.135
(0.115)

102.466***
(24.597)

-5018.550
(4328.742)

[-.03 ; .21]
1282
0

[18.56 ; 68.02]
1483
6

[-5705.13 ; 3142.72]
1522
1165

0.013
(0.079)

84.150***
(16.895)

-5648.332*
(2931.741)

[-.11 ; .08]
2189
0

[16.63 ; 56.36]
2326
5

[-4967.43 ; 2141.35]
2378
880

Note: All estimations are local linear Fuzzy RD. Triangular kernel type. Bandwidth of 50 . Standard errors
in parentheses. Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.
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Table 2.19: RD - Effect of Enrollment on College Quality and Cost - Foreign Parents

PCA
(1)
RD Estimate
Robust 95% CI
Observations
Conventional Std. Error

First Gen.
Cost of
attendance
(2)

PCA
(2)

Second Gen.
Cost of
attendance
(3)

0.499
(0.406)

-18895.053
(12675.172)

0.427
(0.278)

-21983.465***
(7288.215)

[-.2 ; .71]
1273
0

[-11036.32 ; 11467.21]
819
2930

[-.14 ; .53]
2157
0

[-15552.45 ; -251.67]
1688
2013

Note: All estimations are local linear Fuzzy RD. Triangular kernel type. Bandwidth of 50 . Standard errors
in parentheses. Significance levels are indicated by ∗ < .10, ** < .05, *** < .001.
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